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^VAIR] I. «°!A| VlAOA|(«,.|!t)J» 
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* A ■ A »H »l * YM 91 4! >J *i| "I S. VI >J In- doprd G*Nft A . *t\A In do|»od 
N* YM H«W ln«Ga l . R N/lii y Ca,. v N A A A *&*A VA In^o^^/ln^n,.^ 

a a vi«q 9i «y o9Ui »a i 4: -a^i *a i vi«-o Titfu *a 

^| ^ I ln x G 0| . x N* YM TI^IV 41 2 S.N X SV|.iU^y|: tf'l 2 SiN x 

* ym aw*!. U4&*>|: ka vv* ym *ii >j p g 8 s*: «ji 

7| p-G<iS* YM TJ^^J ntUI »0 2 ftW ?M a *Vfl«l AM. 

(AS.) 
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vn**n 

tHIt* ••). t i-*fl ^Vt.-fc^ 'JJ :i -"O.'JlVllNHrido mi conduct or LCD on J 
ri col ion ■olhod tl.nrnofl 

f.'M ■{!*•« 

5. K> * DM-fl "IS iMU# MI«J.*B "tfVI.fr.4i1 4) I "OH *l* ?A8 
t l\« ;;.»«. 

S. « 'tf'M U K« 4*1!* VI -i. *a « « 4 s| 4) 2 04 «4H ?ag 

ipm avn 
tf«3i1 

£ '!!£*H 2° £4. H ^^o|7Ut- Ml£«| «tf«i 
ofl y«y 5jo|t|. 

<iJ»l*l° £ GoN*| 'J»£>l|£- a #°l«fl 5U°i4 SM/**J| LED-I 

4 $ MESFET. HEMT %S\ JL* 2fc<H ±4^ ^4^4«fl ££S|J2 flM . 

6| %*JU*t* LED £4{r °J<J544 ^fl*! 4tqO|Dl tl>«a?a^l«l ofl££ 

^7isu sat- tffloiti. 
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„ <>l v| an- (,osAi *)S.< *y. *I»M»I .4.{r s»c 

HM riiJi.a, *.S"."I*I 'IV! Sic ?lv» VI Hi 

'I »»H»I* YM S.*M»I Cos *. 4liSU*fSi)»l S.«Y! n r,t* * %{? 

as'Jtll. o|v| -yn|A|^ *J*I» "IS.* ^¥l.fc*lk 

'M^l ^*J»M(r itftfdYM «1 I0V<* 0(Y- fc£ tftt ^"0 u|£ 

CeN^l 3J*»# ^S.M|i?l flfe-S *!*|4J3 M *\H*\?\ *IM 

. S.M 4S& •»! »l-fi-«a 4 ft J H*Jj $ GoM ^£421 4£«11<I4 mt» <2! 
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»|: 41 'I 'l¥! Yl«4 <M>! V|«fl V.'tV"! 5L«\J 

-doped GaN**i|: *A A Indopod GoN-ft- YM *Jl ^ VJ I n x Gti) . X N / 1 n y (iO| . y N .f. *l <*l Y 
*»|: 41 'I KGa^N/ln/ia,.^ A "-1*1 V|«0 71 -ftl >J nlVA *H 1 

'I 'fl I SKi& YH 1)41*1 4) I SiN x £ie|£ll£a|: 4M 4| I SiN x ^e|^U^ 
°fl *8flV» '0 I ln x Co,. x M*V|: *H ! In^a,.^* YlHl <H4)*J *0 2 SiN x 

M*a|: MA *U 2 SiN x 2*1^1* Y1«q 7J Yl . flfc 'll*Mfe- «HJ*a|: 4PI 
4JS VI "0 fl^l p GaSS: «j| 4M P G<.N£ ¥M ntfi'i 4) 2 3 £ : & 

*M a A^SM SUM, 

y^J6|7i vi6|oj g. itf»joij a||i Mixaq 

t|£ ")l{f. 4l?l AH* 4M VM H 

£l ^Jft°l £^1' ln-dopod GoN^3}: 4J?I In dopod GoN£ V|o|) fl^t! ln x Ga,_ x 
ln y Gii,. y N InxGa^N/liiyGa^yN VM <fl 4J 11 n 

HI *l| 1 $A >fl 1 VM II 1 SiN x §ej>:ti^3t: 4M 

I SiN x ^)£t\£ $|ofl *fl 1 lnxGoi.xNa-31: 4M *fl 1 ln x Gai_ x N£ 

*l] 2 SiN 



tfft/U,G«i.,ii *|«t* V.ftil XI ! 'IM-Y^y). XJ i 'JMY»* vt«-a ?! 

V XI 2 In.Ga,.^^^: $M XI 2 In^o,.^* Y|«U »IM "I^UI 

^•,- v M -Y-t#*/lii,r.ft l . l N »I*»I*J XJ 2 *i|x|Y4**V|: 4|/| Xl 2 

*IY«* YM «4ll p-G«.N*: 'JJ tf7| p-CnS^ VI »0 *>l n«HH Xl 2 {Kt*: 

*WMfc *M SIM. 

All. *WI y^Al^l VI a|<»| * o|g g&jj 

XJ&*IW&. 'I*» Yl«fl \!1V|: tf'l V|«HJ \\»ft"l S.'Jl 

Xl 1 In dopod G0N&& 'H'tlMk IIX|V|: Xl I Indopnd GoN& Y|«Q 

x C 0 ,. x N/ln y Gm. y N ll^flKf tf'l ln x (ia,. x W/ln y Ga,_ y N A 

*» V| «fl nTHI XI I Ol^Alt* tf*|V|; *M X| I Y|«a Xl 

siN x eei±Mftf» u^ftit v»*v|: ^yvi xi i siw x s^m* vm xi i 

xG 0 ,. x na# fl^Kr tMVl: >tf?| -»H | | Bx Ca,. x N* Y|°U X] 2 SiN x ee|£Mft& 
J^6||f t»*l*|: X) 2 SiN x S«!|>;U* ?H '«*6|^ *!^l 

t»^V|: #7| tfA|£ V|H| p-GnNSS ^^Mt t»*l = 'ii 4* 'I pGoN* V| <H| n^'J) 
0 2 U^lir & A«A|{r a ^=yo| AM. 

ai». -y?i^i **is y^uM ?|6|o| & MJ7i«»n <u& sf*i« 'jjexi «*ptf±*i 

£««»i|2| t»£ ofl^, 7111 "HI iH»l£# SJ^AUr «Ll7fl3?»: >iM u|p|A Y|«0 
fc°l In-dopod GftN*& tf^Allr t»*l*|: ln-dopod G«N& ?|ofl 

^aj.^/lnyGaj.yN £*|*| fl^Mfe ln x Ga,_ x N/ln y G 0 i_ y N £ 

74 Ylofl n«S2| XI I <8>86|£ t»X|*|: XI 1 Ylofl Xl 
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Sin, tftfLMIft* Wt>\b VMv|: 41 I Sin, Oi'l^M* Vh-0 41 1 
,£a|.,xft8 *>MIMir VMv». 41 I In /.at.,* ft Y|«q 41 2 SiN„ St'lMl*** 
U4V|: $M 4| 2 SiH K 3<l *Hft YM. IciyCiat.yN -V tf */ln t (in,. x N il 

* •Mil 4i i vmy«#*# iw*ib v«>avi. ^^i 4i i vM-vy* vi«-a 4 2 

x Gi»,.,N*& tfflAlfc. VI4V|: U'l 41 2 In^/J* Y|«0. A|t| "I l-'l 

vC«,. v H Yt#ft/ln,Ga,_,N »I*«H*J 4) 2 'iMY{**# H4|A|fr V» 

V|: 4) 2 YM irGrtfttt iHfAlfc V»D: W P GaXft V|«0 d 

?l 4) 2 %!•:!** ««*lfc VM: © ft f I Alt 

"|v| tfc «?■ tf'cW i'|A|»J. ilffltf »l?.".4l UVI.*.*I8 V4J*i1 331 

S y|jt. >?]£ei «jj 11^*12 »CM SIM. 

"161. WMJ *UaM «»iMI <M£ "A3 tf4lo| guild. 

fl'.IS iMItf l»!i.4l «iJ a 4.%'lJVM ¥»l» 2! ".7.4. 7|£t'| Ail 

l'fr°l & *l ItflY? nC,oN£# 41 1 *}^&Z?t\ . n-ln x Go,. x N/lny(;ol- v N(Si-dopod) 
41 2 A|*A|fc- n -/p-/n- t|Vf «iJ tlttfir «|» "I5L4I 

*J&*\ « a 4U«tivl# 4|*|6U*I AJc|. 

£ l£ «• U J'M «)S ^J9|ff «i»S.4l 41 I oflnj *|£ 

eiyj sDjoiti, 
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02) ym (hm)»i *mi*m «im. «m*i. tf'i wi ^ no4j aiidn y.ft. 

GoN/GoN .fc'M ln x ti<n. K K/(i(,N Al x ln,Ga | . K . y N / 1 n K Ga | . X N /GaK *!\ *\ 

*«m tf»iM«n My ^ an. 

fl'l »l»l*(104) V|"0^ »lft»| S.SIU Indopod GaH4MI0r.)«1 «HflM 
.'JL »l . \\ A In- dope J GaK* < 1 Of,) VI «'fl {? I ii x Ga , . X K / 1 n y Ga , . ,H A *M 7 * 
OH) "I «4M<H SIM. .4^. -y^l l« x Go,. x M/ln y Ga,. v ll A'M -?.f.*(IO») V|«flfc 
ft "I S.Sl>l IndopmJ GaS£ (110) »| *MI*M 2li»"l. YMfc 
.Ga^^N/la^aj-vN (II2)«»I t| 0J*)M»I UlM. "I ?M . Tift"! 5.^11' 

n dopod GoN* 'j| In^aj^K/lDyOa,.^ M 

UMS.* ->S. AM. 

ln x Ga,. x N/ln v C a i. v N .V<|*| -?.%ftOI2) V|«flfc- irtU'l 4) I Y»i| 
"I. £ >y?| 41 I °Jft"l Siln 

-dopod Gt.N£(ll4)# 4)4!*I£M. 

n«Mja. Si ln co dopod GaNA(|M) YM *ll J SiN x ±t\£ (|1G) o| «j 

S|»|. 4) I SiN x Se|£t|*(MG) VNt- ?Jfr S.SI*? -»H 1 ln x 

,.^^(110)01 fl^JSU, >y 71 *l| I ln x Gai_ x N£(ll8) YMtr ^ 2 SiN x 
20)o) cM *J>ys|S.« ojafl. 4) 1 SiN x 2e]^M£ (116)3) *l) 2 

N x ee|±M^(120)e <&A A|H.(aloaic *calo)2| if-*fl£ OJ-y&lflt). 
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/> ViV*t«-0 QK«l tJA|^«i, £ L|t|\« M|V| ln x Ga,. x N «f»*/SiN Jl 

ftfl «M*/lii K Ca,. x ll (122) 024) <12G)«.V. YflMk *0 4 

tiXl * SIM. rii'La. a in.Ga,.,* Y{#*/siN x asl^U*/in x c«,,. x N 
(I2H)<I30)(I32)«| M#»# tfflMfc- M^'D^YSYAX SUM. 

4*1*1 44Mt w-a* 4¥»tit- p-Gas&03G)oi 44*i»i. 

7| p-GaS&(l36) VHt o'Mi'l *a 2 *Hirt"l 4 4 I'M. «- VfTfolMfe 41 2 *R 
aS-*! *Jd£«l !L»J1I In^Ga^N/ln^a,.^ .*.*|*| *jft (tupnr lattice 
rucluro)^1 44A|tfM. . 44 W4&"4 p-GaN* (I3G) a|o|o|)- siN x 

«M.i:U*(l34)tt M 44*lflt». °M. 44 SiN x £e|£t|£(|34)£ $4 HS. 
toaic acaloK'l ^UlS. 44*15.* 6|flt|. 

o|ofl u|i;| £ »*J»JH] 2|A|»I . 4»!|£il| «jfto| 5*| 5.^3^ Si -In codopod GoN 
(114) £ 1 4^*££. n-ln x Ga,. x N/lnyGa1- y N(Si-do P od) £?| (130) # >M| 2 
n-/p-/n- tl^SJ »J)S.»fl tt4£40 44fl 
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. ft H *M»M 4VJaK'J. £ UW'-lMUr dolt* Hi Vf**!'! 

VI >l . mi* 3 fl!M>M V.'H 9Kh»l Mtf io» -uli 

x Ga,_ x N* (1 ltt)I?| flfl QAM ¥l>M *t.'.'.(atoaic icelnUI SiN x S<?|^1 1* 

*W«MI t)*l ln x Ga,. x H Ytfft (122) (120) V| ln x Go ,_ X N 

26)(I32) /|»M fc^tf 'iMIii.V. SiN K 3£|.*l|ft(l24)(l30)»| tlflt! -ViX II 
•I'XKI (In.Gm^H/S.N./lo.Ga,.^) . 

H.*i). & m'dWMIfe "la HA Ota) Vj.f:V| H.«|VI p G 0 S*(I3G)«.¥.YU. V4J 
"I^HA^I H¥ V|a«a| I'MI ln x Gn,. x N ^*>l£<l32)g 

ftMXJ YJ*I *lft<ato«ic Benin)!'] SiN x £ 2) £1 I £ (134) # 11^*12^1. 

°M *'fl^l 2 #-\A»S\ AlttMfc p-GtNftil y<i "IriHA 5LSI il 

urront cro»din«)oa i?|6|| u)*<$o|£. gtfltjsl n- ln x Go,- x N/ln /i»|. v M 

s sh^m -yyi^Js ^ ski. 4^6| o|e|<y n -/p-/n- nsj«y 
W£ <d°i u j a ^6|^ h«j!*i u$£4<>q uv^as hssj 

£ , tf^«fl^b. H^AUwlinlcrnol quontu* efficiency)^ ^^^IH Sl&<3 
*H4?M V) 6|| A| tJ^£!>l >:£H 0 J Strain) S ^o|6|S.*7 tl^o) *S 
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a.aolo ln,Gft,. a K*<lt»)tf 1141*1 AM. H.V. V*ft (MucluMion)** VI 

°l 91 "1VI1! YtftfR (revnrto 1ook<mo current) S 44!*M'I \\t$*\ 41 'I 

• aolo In.Uft,.^ (M»)"l 41 {I *M"0. 4 ^.'i. Uloaic •cnlci)*-1 SiN x 

<f| .Ml* (llfi) 020)** U4J»I£M. «»l vl ilw 'Itltf ft ah. s,n x ?*I.MJft 

ir.)/lo»ao1o In^.^tlim/SiN, 0tf| *M* 020) "At ?4lMfc ^il^VJ 'AH* 

4HMISIU. 

rialfd. SiM x a«| *l|*/l» »olo ln x Go,. x N/SiN x §e|.Ml£ (110) (I IB) (120) » 
■Y4lMfc £«i<flVj 4l4Mt« "I-9-. Yl A l "III MMi'l 

4)*x'- la x Ga,. x N Y»*/SiN K 32|;iiM«/ln v Ga,. y N AK|i'| \\\\ 

"I y^J^^I V tt*(«inalo quantua toll) .'Lvr M^VM VS* liulli quantua 
ll)# H4*A|tft|. 

"PM. 'J*# '»*A|fe- 4J"I* 2|?|S| <iMV ln x Ga,. x N(0<:x< 

35)/SiN x /ln x Ga,. x N(0.:x<0.l)«i£ 2*12. -Mil If 41 

2| 4J4)t»>p|M| N.. H : *N. /flU|o| 7 |£ NH 3 tf-VPM*] TMGo. THIn . SiH 4 . 

-lie £±& 4rYl*M 4J4M y JM. 

4f?l Lo» «olo ln x Go,_ x N£ (1I0)<H| S.S|S|fc- «lfc£?| 0<x<0.1?| £t 

?M&^ V * SKI. a2U. 4M Low-»olo I a x Ga,. xM*0lB)2l ^*Q£- 10-300 
o|o| 3«t£3 J AA 10-30A 5? 50-250A 4J££ ?4J*]o| 4^$ 

£ 730-770TC ^!£o|t|. °H . 4l?l Ua-aolo | R]( Ga|. x N-& (118>& 3 <84|o| 
*J«*J (spiral aodo)°£ 4)^515.* U<H6|d|. a ^$1 M*Jti4t£ 
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SiN, gt|.*Ll& (124) M30){? Vl -*! N.V(olo»ie .cola).* 4MM«»1 SiH 4 . Si^ 
*M SiK, ©el £l.|#/Loi «ol« In^finj ^H^/SiM, /Y«*/SiN K G*\ 

ifl^i'l 6*1 4£& ft 4 44. &fJ<M ft4Mfc *A 

«tt*4. 4)4 p Ca>lA(|36)<i til"!*!)* 5L 1 3lSl"| $*|4|. < JL& ft7|.%| 
3* ?4JS|«I -7*«at- M0-25O0A"l»l *>I«U] 000-IQZOt YIYI«0 

414 p-GnN$<136># ^J^Altl 9-. n-ln x Go,. x N/ln v Go,. v H £4 4 ?££(l38)ft 
J 444.? y<r ln y C O| . v N((XK<0.1)^»t 9|4M*| 4J2]£ «A§ S.»J 

A *K4*ltf Jr-U MVIfl jiyjs <y t |. ojofl 

El. 4i4 n-ln^Oj.xN/ln.Cs^yNlSi) A*I4 ?£«&(I38)£ *l] 2 4#S| 
p]?J# JLfl^S. *4l>£|. 'AAA. *H 2 4#s]*r 4J?1 £4 

.7-«flt 4*1 2-50A«£ atfl£ 2|tg ZOO A n|n|a£ Wb)o\ 

3t 31 4JSJ4M ^-^y Mtffl W n -/ P -/n- fltf 

Vi a J±AS * 5U?fl SJM. 



32-13 



. S. 2**? U'M »IS 4«U* •Jl.S.Hl UVt.*.*l M l U 2 *M 

f.0 mum s.vj»ui. "M^it? . v»*y| ti«t*.'».y. y^J>j u am vmv»* 

«»I"U .'..^ ?|««| *U> U.Gt^Kfttt */|.Y. fl^A)"!. JL'I'liiA ^1 •« H Ml 

£ *fJM«-fl «M£ iij.-,q ^vl.ti^i'l >H 2 ufl; : -. s. 2"fl MUM »»|v| 

I "I. ?Hf»(202) YM u|u|A(204)o| tftfS|»| tfM. "I'MI. HA l>l»lft<204)£ 
loN T.ift. InGoS/GoN Ic^Go, . X N/G 0 N 

x ln y Go,. x . y K/ln x Go,. x N/Gi»S-V| A|tq%|»| ^| >M y ^ flM. 

;i el :u . >l »»l «! £ (204) v] «a £ 31 V 1 n - doped con * (200) <»l 71 # M 

*i. "I . <J ^1 In- doped GoS * (20G) VI «H| I n x Go , . X N / 1 n v Go , . V M & *\ A -ft 
00)«| <tft|. *M In.Go^N/ln.Ge^N -?.?.*(20fl) Y|«0fc 

XflYJ In doprd GoNA{2| 0 )«| ^£."1. a YMfc- 

x Gm. x K/ln y Ga,. y N ?£&(2l2)o| L| «J>J|S|«»| 5tfM. 'iM***! £»J*I 

n doped GeN* iB^oj.^/lnyGo,.^ A?t*| "!***M t| 

ln x Go,_ x N/ln y Go,. y N A ?| *| >it^{212) VI "0 vf- nTU'l *fl 1 
u|. £ "J'M'llr tf'l <*ll 1 £e|£i>| «J&o| §a| Si -In 

doped GaN£ (214)3 fl^Olfltl. 

D.*\JL. Si-ln co-dopod GoN£ (214) V|oi| 1 SiN x §2|>:M£ (21G)o| *J 

S|D|. ^0 1 SiN x g*|£U*(2IB) ?1o|)£. 9j§ y^o| ^Tfl £^$J Low-«o1d 
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x <io,. x N*(21H)»l fltfVl.il. 4M lorn mo\o In.Ga,.^* (2 HI) V|«Qfc. 'fl 2 SiN x a 
Mlft<220)»| LM «4M.S".4 ftlflM. »l«8. 4M L« iota 1(1,00, ^*1210)^ 
HV» 7ftf»l M*!*l 41 (spiral ■od*)»y. 41 4 MS. 4 4»|a|£^ii| . 4M I 
N x 0e| *Hft(2IO)V| 2 SiS x £<?|*l|« (220);: *MI NS. tatiwic ccalo)i'j V 

4M 4 2 sis x sv|.m|a(220) vi«Qfc K«o,_ K N Vtf*/K«a ,. x n 
22) (224) .>A!?| ^ I VMY»*"I U4M»I SUM. Stf. 4M ^fl I 'i}*l Y tf* 
'•0{r V'ft .•i.fl ffKI»l in x (io,. x N*(22G)»l 0! ^Msl'M YMfc *MS. 

M ln x Ga,. x N Yt*A/ln K Ga,. x N "I *(22fl) (2.10) o|J*o|*| «;) 

"I^MI. S.K) tl<*J«l *U? 4M ln x G« l . x N*(22G)^ 300-2000A 4lX.il V- 

X 4l4lM»l. 4PI lo x 6a,. x N*<22G) V|«H1 ^Slfr <*J Vl *l * » * JEfc M*'JM 
tt£i'l ^«ffl«M»irftin) 4£S >»fl«>l AloJ ^A|. «|>MJ*43«B AW 

»S Sit HAfJ * 5U>fl °Jft £*J 9KM *l 

4W KGa,_ x N£(22G)o{| E^JSlt- tfu|£«ll £SJS|*r <L'ft ti^H) 

4?l*» H^slfc U^S 4*°D{r p-GoN^(232)o| «H-ys|n|. 

7\ p-GaN-fi- (232) *0 2 fl^llt-l. £ ^^ofl^^ *fl 2 3^ 

£5^1 4]2]£<»l £»JH In^o^^/lnyCaj.yN ^i(»upor lattice 

ructure)£) $^6|2lM. 
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m "M £ U\*M °IMV<. «:Jft»l Si In co dopod GoN 

(2 1 41 i» 41 I o-ln.r.a^.N/lnyCol^H (Si doped) J.'M*(234)tfr *U 2 

Y»i|olt- n /p /n- UVKI {|*Jtf at VJ.«i.4 <fltt:fc*l0 Ml) 

'ZUl WM. "I'M. *M '0 I {Kt* « '0 2 -f):i*<U;r <JMMfc- tftM 

3e|a tf£ .'£. 3«fl l|l|\B »|v| tfo|. vt vl *)! Ml 

.*m»i tray «ivi 4fAioi».y. n avur wm. 

°D 2|6|ia. 'ilS^H «l*4r VQW W^Ma. 
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i n\ i] 

»\»\* YM .V.flV> Indopod CoM*»|: 

>M^| Indopod GaJJ* Y|«0 71 41 *» U x (ift,. x N/ln v (ia,. v H .f/'l*| >^^VI|; 

1n K G»,. x N/ln,,Gft,. y N .fc'M VH Hfl^ nfll'l 'P I ^ -t -ft- *»l 

*P I tfvJS VM fl^iy '0 I SiN x 
*M *P I SiN x ^ei^U* VM 91 >| ^ I ln x Ga,. x N*V|: 
%A *P 1 ln x Cai. x N^ V|«B 91*1*1 2 SiM x ee|£U*»l : 

pGaNfc Y|ofl *8>yy -Ml 2 * 2# ^ °£ 

7ltl5»: 

7l?» ?|ofl ty4.fl iHBl^sl: 
iH»|& *M °Jft<>| |n-dopod CaN^Bl: 

$7\ Indopod GnNA ?jof| 44$ ln x G 0l . x N/l n y G 8l . y N 
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4) I tf-i* YIH) fltfy 41 I Sim, ae|*il*>4: 

4| I S»N X YM 4| I 10,(55, ^**1: 

*M 41 I lo x r.n,.,NA VI «H) Hflyi 4) 2 SiN x SCI *l MM: 

41 2 SiH K gel^U* VhHl 1WYS. In/ia,. y ti Y«*/ln,(io ,-,N 
ft^l 4) I 7M Y «4M: 

41 i «iMVi#* -YM MY! '0 2 in x r, 8| . x N*y|: 

4| 2 ln x C a ,. x N* VI «H| <H flU . *M& »KI ln y G«,. v N Ytf^/ln, 

|.,M *J'1* »l*«H*i 4| 2 «il*lYi**»|: 

tfyl >.(| 2 'iM*r#* VM «JMiyi p Ga**: 'JJ 

*M p CaN* V M fl^-tl n9U'l 4| 2 & *?J«1fc 3» «Kr 

*ltf Utf.fc*!. 
Ott 3] 

41 1^1 Jt- 41 2*Jo|| fl<>M. 

41 7| AlInN 95. InGaN/GaN £*|x» ln x Ga,_ x N/GaN 

x U y Ga,_ xy N/ln x Ga,. x N/GaN£l S<HM A|UJ 5 |o| fl-yy ^05. 

J*lff M J£4) «tf D J±^. 
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4) 

41 111 ilh * MM 
01 » VIS. XI 

4M 4 1 SiK x 5«| 4 2 SiN x Sel-iH*i> N&itloaic acalo) 

71^ v» 4* *n»a£ 6|;*.- 3*1** us.* nvt.**i. 
4 in .«u? 4 2ti«o <ti<»ui. 

41 ?l 4 1 ln x Ga,. x N££- JT2 Jl»j II 41 "I M {J II 41 (api ral «odo)il.V. 4J 4l*J 2! 
Alt 3 a H* »»S.4| 1lVl.fcX». 

M 1 *) 7J 

4l?l 4 1 ln x Ga,. x N££ 3 jl»t «J>yo| L|4J U 41 (api ral .odo)«j?. 4i4l5|»l. 
M41H41S 41?! U4lS=l ^?JSM fl^SJ 2fl °£ Alt- ^919 
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4/11 01 

41 I1M SI "Ml. 

A .M.fc M ft ?M •¥<*-?.%.« -THIY! 4# -JJ 01 t'S.H VIA .14. 

4 "Ml B| 

*M ln v Ga,. v N Jftf ft/U s C«|. t N fl"t*"0 .SVJlMir VJft 9KI •>! 4| I 

^o,. x n *«fl &*iMfr «;_»*r fllltt. *m o < N < o.i. o < y < o.:ir». o < i < 

hi <m at on- shi* us.* 

t!4J*# 1n v Go,. v N V»av| l Bl Q a| . x H *|«t* A|o|o(. SiK x 5C| 

4?-y i»> 

p-GoN£ A|o|«fl. siN x §e|>iM*ol H U^jy 6| 
SMIS 'JJS.4I H) V J£**. 
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4S* 11 i«l 

41 1011 H.b ^ MM •tl»UI. 

Mi:- V» V*0 «Vl.fc4. 

4 -Ml KlS 

41 H» '0 2f»«a !U«H*I. 

y| 4 2 ln x Ga,. x N/ln v G<i,. y N M -Y.Kaupor laHico •Irucluro) 

*« ^ Trl 4tt ^H^V. aK:- VJN.41 
14) 

41 13UH1 SM*I. 

U x Go,. x N/1n y Gii,. y M.*oQ'r. {Ji!|*M»1 SLflW 2# % 

i5i 

41 13*}«t| KM/|. 

1n x G«,. x M/1o y Giii. v N^^ 2-50Ai'l *M51 2U| 

**5|u|. 341 200A U|"J2| ^*aS SkmSl Allr ^13 'J)5.4l 

Otf 161 

4) 1^1 41 2*J°U floUi. 

SJ°fl 41 1 *1^£ Alo|ofl^., 
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„ i\A VM <H*h) K. fl >! In doped (iaJt* 'J/ tf'l .V.fl>! 

dop«d C 0 Ji^ Y|«0 7f «Y! li»»fio,.,N/lo v r.o,- v N 1.1*1 

I7J 

>MI 191 «Lfc 41 !U«M. 

4M p GoN*<* n|3ilA«4 S.*IM»I Tl^M VI ^fJ^.V. V»S.«) 
in) 

•«fl n«M fl«H4. 

4M p-caN*^- »i.-jifl^»i s.*m»i 9J«m»»i. n 9i4H>ifl«axi uiaiflt^ii Si 

SJ# <M*M. S. SI SI "I #7|Mfe >AS 9141 Yl 

ml 

*q 2 <y«K) flow. 

'II 2 ln x Go,_ x N££ 0 < N < 0.!2| £tJ6|li|. 300-2000A2| 

U£ 9141 Yl 2# 61^ Sl»l<* 

S^tt 20) 

VH 

UlB)^ VM olfco) £Pj$J ^) i In-doped CaN£# 9l4J*ltr 



32-22 



m MA 4| 1 In doped GaN£ YM I n.Go, _ x N/ln v «o, . V H A 'I *l tfflAlfc- 

fl'l D I VH U I SiN, <M£t|ft£ Tl^ftli^- V»A|v|: 

tf'l -MI I SiN x 5<£|.M|* VH -Ml ! ln x G 0 ,. x N ^^olb tH»l: 

*P 1 ln x G»,. x N* Vl«K| U 2 SiJi x ««6|fc 
^1 *H 2 S,M X e<e|£H* VH 'J|# '0*ftlt- «4l6|fr tMv|: 

YH rC*** *«6|fe VM: W 
*M p-CoN* YH n-tfi'l /A 2 tiHAlfc 0 3 tl 

i-yu 2i] 

VH i»l>M£# tMv|: 
4J?I VH «l|Vo| In dopod GaNSS «fl>y6|fc. t|4]y| : 

Indopod GoN£ YH ln x Ga,_ x N/ln v Go,_ y N 4I4|6|£> 

W lo x G6,. x N/ln y Gai. y N 3L*AA YH ntfSl -Ml I "8^61^ 

1 *J^£ YH *fl I SiN x «e|>:t|^^ 
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„ ^1 4 1 SiM, 0*1*1-1* VI-HI 'fl 1 ln>,.»N *tf HUMb V.MV|: 

*M 41) 2 SiH, 0e|*U* YM. ln v « 0 ,. v N Y^^/Iii^j.jM fl"l* .>.iftS| 

*M 4fl i V|«0 4Q 2 ln x Gt,,. x H*& VMv|: 

^Pl 2 ln x G 0| _ x N* Y|«fl, *M£ 6|t| o|>J»| |n y Go,. y N Ya*/ln 1 Ga 1 _ I M 
"I* <>1*H4! 4« 2 M*1V»*£ iWMfr 

tf:>l 4p 2 \'MY$** YM pG a s*tf *M = 'JJ 

fl^ p GaS* V|«HJ n?|"| 4fl 'I fK**S llflAlir B M?MK;- * *l 

}-t*l\ 22] 

40 207) Xfe- 40 217) ( H) AM 41. 

^1 4fl | SiN x EEl^M**! 4fl 2 SiN x Sel^M&vr ?Jx» »|5.(otoBic ecolo) 
23] 

40 20tf *0 2lUofl fl°l>M. 

4fl 1 1n x Gai_ x N&£ ZL U'Jl! <84J°! M*J *& (spi rol .odo^S. 
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•ml 24| 

41 vofM 'il«»M. 

H^*;*-. K<ia,- r » V{**/ln t C«,.,N Y*Nb VJ^VMVt* 

A .Lb M«'.'I4¥*?.%.% «4IMb 49 *«JL'.y. Mb 4*11* 'i • S. *0 U¥l.t*l 
tftf*tt «l*b ln y Ca,_ v N ¥tf*V| lM c G* ft . s M ««|* A|»1«0. SiN x 

M*# iMMIb V!40 U ?H|*lfe 4# %««x Mb »l?,\4| 
4 YOI 2GJ 

4M Dfl^'l P GaN& A|o|oO. siM x 5e|£M&# fl^o^r M 

4-70) 27] 

41 201) £b 4) 21<H°fl 5tM*|. 

7it» vm u^sj "Uisai -y^i 41 i *rs am^. 

fl^t' 5.3 *J ln-dopod GaN& $ #7| ojfr 

-doped GaN-S- VI <H| <fl >a ^ ln x Gaj. x N/l n y Ca, .yN 
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u. 

>•« zo?i .n.; r 'fl 211M xM*l. 
<M *>I*M. JLtitM ft'N*:- H-r* fl-HMfc 

•mi zn j 

*&A n-GaH* V| «-q iMItl 41 I SiN x eel * t-l & '4 : 
4PI -»fl I SiN x 0ie|£L|ft VM tiiHI 'H 1 ln x Ga,. x N*i>|: 
4| I |„ x G a ,. x N£ VM fltfSJ A) 2 SiN x ee|£l|ft*: 
*M 4| 2 SiN x ^el^M^ V |<HJ tfjfl. U?t> W^i*: 'i! 

M^V 30) 
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*M <*fl I StU, 0*|.M|ft V|<-a t\*t\\\ 'ft l ln„Go,_ x K*.»|; 
>0 I l« k Ga|. x lft VM flilVI 4j 2 SiN* 3*1 *U*»I: 
>Ml 2 SiN x 3*I:M|* VM 1MI>!. ln y Ge,. y N V&A/ln t G« ,. : N ti«t* 

*M 'fl 1 7l*lY»* YM TI^VI 'l! 2 Io x Gb,. x H*V|; 

«l« ';i.'L^ yjvj.*.*i. 

*->U ail 

U 20M a.fc- 41 acUHi »M*|. 

fl?) pGaN£ f|ofl nGaNS«| t| tfflJtf ^SlilS <>l\r "J 

5)701 32) 

nGeN<&£ IfixGaj-xN/liiyGa^yN 7£ (super lattice atructuro)S. 

W 2ft ^"Sl Alt- 3*1** »>S.»H tl B J;i:*l. 
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a:*] 

*>M YAS »l*fc- ln x (i 0 ,. K N/ln y (i 0 ,. v N^«Hl^ *Mff»| S.*l>» 48 ^ 
34) 

-•0 2tt1i fl.b ^ 30lJ<Hl fl<>M. 

^*V°I 5. SITU Indopod GaN^i»|: In dopctj GaN£ YM U U l» x Ca,. x 

In^Gft,.^ «il ln x Ga,_ x N/ln y Ga,_ v N Jfe '| *| YM ^1 >J . 

4 91 35 J 
36] 

*l| 35*yo|) SUo|x|, 

Sf^SS °l-?4r 1n y G*,. y N ^S^pJ |n r Ga,_ x N ^ M| J> A|o|oq. S iN x *J£l 
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Si (toped In.Ca, /,7S;-dcped In^a, fi a - 

p-OaN - 

ln.fifti.in 
in.Oai-.N V*5 



in.Ga. ,N 2^5 



ln.ar.JN «89 



lo* mole In.Ca /< 



S; -In co-dopod GaN 



ln.0ai-,N/ ln>Cai >N a 



In-dopod CaN 



ln»Ca.-»N/lnyCai-yN a 



In-dooed GaN 
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.,,21 



$.-ooped In.Cai ,N7S. -(toped ln,Ga SL 


. — . — -234 


p-CaN 


— — 232 


1n,0a»,N 2"!S 


230 




228 


In.tai ,N 


226 


In r.a. M ?IOt£ 
IlliUil-inl W »J"t 


^ ^224 


In f*i. K) O Q A 


Off) 

-220 

218 

216 

— 214 


tovi raoio m,U0i /{ 


S. -In co-doped CaN 




— ^—212 


In-doped CaK 


_ -lift 


ln,Cai-,N/ln»Ca -JN SI 


208 


in-doped GaN 


206 


blfilS 


-204 




202 



M M rWjWn-TunnolIng Junction LED 
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•Ij&iI© -i 1- "I T * I 1 r~* T~ f ~l » — T — ' — 

44 « II -II -44 -12 -10 4 4 4 4 0 

Reverse Breakdown VoUage(Vbr, V] 
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